Introduction
============

Different types of human body responses to a drug may be due to genetic discrepancy between the individuals [@B1]. Single Nucleotide Polymorphisms (SNPs) are bases for pair mutations, some of which have clinical outcomes associated with development, health or metabolism of drugs. Genetic polymorphisms of drug metabolism by cytochrome P450 (P450s) could affect body responses to drug, attracting particular interest in pharmacogenetics [@B2]--[@B4]. Cytochrome P450 is a large family of hemoproteins that catalyze the metabolism of a large number of xenobiotics and endobiotics [@B5]. The function of these enzymes is to insert a single oxygen atom derived from molecular oxygen into the broad structure of very large organic compounds. The final product usually contains a hydroxylated water-soluble and polar derivative relevant to the substrate [@B6]. Mutations of P450 genes can result in a variety of changes in the enzymes with high to low activity or even inactive enzyme that can affect the efficacy and toxicity of drugs. Polymorphisms of population in pharmacogenetics are divided into the phenotypes as poor metabolizer (PM), intermediate metabolizer (IM), Extensive Metabolizer (EM), and ultra-rapid metabolizer (UM) [@B7],[@B8].

Since some P450s (CYP2C9, CYP2C19, CYP2D6, CYP3A5) are highly polymorphic, screening for identifying the mutations which leads to reduction or even abolition of drug metabolizing capacity can help to identify drug metabolizing phenotypes [@B9],[@B10]. In humans, 30 CYP enzymes are known as responsible for the metabolism of drugs and they comprise 1 to 4 groups. The members of CYP2 group and CYP2C subgroup include CYP2C8, CYP2C9, CYP2C19, CYP2C18 and the last three of them are important in treatment [@B11]. CYP2C19 enzyme is essentially found in the liver while having a significant activity in the lining of the gastrointestinal tract by metabolizing of many drugs. CYP2C19 plays an important role in the metabolism of endogenous compounds such as arachidonic, estradiol and arachidonic acid and also some usual substrates including benzodiazepine diazepam, omeprazole, a proton pump inhibitor, and antidepressant amitriptyline. It is also responsible for metabolism of beta-adrenergic receptor blockers such as propranolol [@B11],[@B12]. In addition to metabolizing drugs and developing inactive metabolites, it is also activated in the activation process of some effective medications, including the conversion of proguanil anti-malaria drug into cycloguanil [@B13], conversion of tamoxifen to the two active metabolites including 4-hydroxy tamoxifen and 4-hydroxy methyl-N- dose tamoxifen [@B14] and the conversion of clopidogrel at first to its active form and then into 2-oxoclopidogrel [@B15],[@B16]. The reliable and fast genotyping methods for the detection of clinically relevant single nucleotide polymorphisms are intensely required, so identification of SNPs can be applied to select more reliable drugs for patients. Gene sequencing is the gold standard technique for diagnosis of mutations; however, it is time consuming and also requires intensive labor. Melting curve analysis of High Resolution Melting (HRM) is a powerful and affordable technique having many advantages especially in comparison to genotyping and sequencing analysis of SNP hydrolysis (TaqMan) [@B17] and RFLP. This method is fast and powerful; therefore, it is able to accurately and quickly determine the genotype of many samples and it can also be easily used by any unskillful laboratory staff with access to Real-Time PCR device [@B18].

In 2006, CYP2C19\* 17 allele was detected with its superfast ability to metabolize drugs. Allele CYP2C19\* 17 was identified by two SNPs in the promoter region. Cytosine is converted to thymine nucleotide in the -3402 or -806 region (C\>T), where increases the CYP2C19 gene expression [@B19]. The activity of the CYP2C19 enzyme has not been evenly distributed and polymorphism of the gene encoding this enzyme has been viewed. So far, at least 24 variants of this enzyme have been identified [@B20].

Polymerase Chain Reaction (PCR) is carried out to amplify a region of DNA before HRM analysis in which the mutation is considered [@B21],[@B22]. HRM process is simply a warming process in the presence of the color attached to the DNA that could distinguish the double strands of DNA from a single strand DNA. Mutation changes the temperature so the DNA strands get separated (melting) and therefore the wildtype and mutant DNA can be accurately separated. HRM procedure is based on Real time- PCR method in which the differences of the sequences in the nucleic acid are detected using the differences in melting curve and various fluorescent dyes that bind to double-stranded DNA, and they don't lead to inhabitation of PCR at high concentrations [@B23],[@B24]. Melting curve is based on the fluorescent color attached to nucleic acids and their separation during the denaturing of double-stranded DNA is detectable by Real time- PCR [@B25]. The main aim of this study was to determine the allele CYP2C19\* 17 occurrence in healthy Iranian volunteers by HRM method and to critically compare this method with RFLP in terms of simplicity, cost and laboratory materials needed for analysis.

Materials and Methods
=====================

Subjects and DNA extraction
---------------------------

This was an experimental study that aimed to determine the frequency of -3402C\> T or CYP2C19\* 17 allele polymorphisms among 100 healthy volunteers of Iranian population by two HRM and PCR-RFLP methods. Informed written consent was taken from each participant and a specific questionnaire was filled out by them. Blood samples were collected using 5 *ml* syringe. Genomic DNA was extracted from white blood cells by salting out method [@B26].

Two different techniques (PCR-RFLP and HRM) were used in this study for CYP2C19\* 17 genotyping. Primers for HRM were designed by Gene Runner software (version 3.05, 1994, Hastings Software Inc.) and their specificity for PCR was checked by nucleotide BLAST (<http://blast.ncbi.nlm.nih.gov/Blast.cgi>). The primers used for RFLP method were received from Ragia G study [@B27]. Sequences of the primers are demonstrated in [table 1](#T1){ref-type="table"}.

###### 

Sequences of primers for amplification of CYP2C19\* 17 allele by RFLP and HRM methods

  **Technique**   **Primer name**              **Sequence**                 **Length (*bp*)**   **Tm**
  --------------- ---------------------------- ---------------------------- ------------------- --------
  **HRM**                                                                                       
                  CYP2C19\*17-F                5- TGACAAGACACAGACTGGGA -3   20                  58.2
  CYP2C19\*17-R   5- CGGGGTTTTAGCTTGCAGTT -3   20                           59                  
  **PCR-RFLP**                                                                                  
                  2C19-17-F                    5-TACAATGAAGGCACAATC-3       18                  50
  2C19-17-R       5-CAAGGAGCACAACTACTAGATA-3   22                           54.7                

PCR-RFLP
--------

For PCR-RFLP analysis, PCR reactions were performed in 25 *μl* total volume by CYP2C19\*17-F and CYP2C19\*17-R primers for 100 samples. The reaction mixture contained 10 *pM* of each primer, PCR Master Mix containing 1 unit of Taq DNA polymerase, 0.2 *mM* of each of dNTPs, 1.5 *mM* of MgCl2 and 100 *ng* of DNA as template. All PCR reaction components were obtained from Fermentas Company. The amplification program was as follows: initial denaturation at 95°*C* for 5 *min*, followed by 40 cycles of denaturation at 94°*C* for 10 *s*, annealing at 55°*C* for 30 *s* and extension at 72°*C* for 1 *min* and an additional final extension at 72°*C* for 10 *min*. PCR products were analyzed by 1% agarose gel electrophoresis. Next, 10 *μl* of each PCR product was added to 20 *μl* of the restriction master mix which was composed of 2 *μl* of 10×buffer, 0.5 *μl* MnlI restriction enzyme that cuts the C allele of CYP2C19\* and 18.5 *μl* of H~2~O. Digestion mixture was incubated at 37°*C* overnight and the digested products were analyzed by 2% agarose gel electrophoresis. By amplification, a 528 *bp* fragment was amplified and after digestion, two fragments with 282 *bp* and 246 *bp* lengths were produced. Finally, different detected genotypes (normal, mutant and heterozygote genotypes) were sequenced for confirmation and those were used as reference genotypes for HRM analysis in the next steps.

High-resolution melting curve PCR analysis
------------------------------------------

HRM experiments were performed by specific amplification of a 225 *bp* fragment with HRM-2C19-17-F and 2C19-17-R primers. HRM curve acquisition and analysis were performed on Rotor-Gene 6000 (Corbett, Australia). Reaction mixture contained 10 *μl* of 2× HRM Master Mix (Qiagen), 10 *pM* of each primer, and 50 *ng* of template DNA in final volume of 20 *μl*. PCR cycling parameters for real-time PCR and HRM curve acquisition were followed by one cycle of initial denaturation at 95°*C* for 5 *min*, 45 cycles of 95°*C* for 10 *s*, and 58°*C* for 50 *s*. For HRM preparation step, PCR products were heated at 72°*C* for 2 *min* and then cooled at 50°*C* for 1 *min*. HRM was performed by raising the temperature from 60°*C* to 90°*C*, with an increment of 0.1°*C/s*, in order to obtain the melting profile data in the next experiments. Initially, for HRM analysis, melting plots were normalized by adapting the start and end fluorescence signals of all samples to the same level. Then, normalized HRM data were subjected to gene scanning analysis to identify the temperature shift changes in melting curves, which indicate the presence of variation in target sequence.

Results
=======

Forty six percent of all participants were men and 54% were women. Their age ranged from 19 to 57 years old. Because of the ethnic diversity in the country, the people were selected from different ethnics groups. All samples were successfully genotyped by HRM curve analysis and some results were approved by direct sequencing of PCR products. The resulting sequences were analyzed using BLAST and Chromas lite softwares and submitted to the GeneBank database (Accession numbers: KC689787, KC689788, KC-689786, KC677614). Melting of the PCR products was monitored by plotting the changes in fluorescence that occurred by gradual temperature-dependent releasing of a saturating double-strand DNA binding dye. Heterozygous DNA samples formed heteroduplexes, resulting in a different shape of the melting curve compared with a homozygous sample. Different genotypes of homozygous DNA samples, in contrast, were detected by a melting temperature (Tm) shift rather than an altered curve shape ([Figure 1](#F1){ref-type="fig"}).

![HRM analysis of CYP2C19\*17 allele. Results were analyzed in the normalized fluorescence versus temperature plot. A indicates the normalized plot and B the melting plot. Wild-type alleles consisted of a C nucleotide at position -3402 leading to amplicons with higher melting temperature (77°*C*), while the mutant alleles had T nucleotide, leading to amplicons with lower melting temperature (76.5°*C*). Heterozygous which contain both ingredient alleles, are heterodublex with different forms (B). Differentials in fluorescence and temperature between different profiles of samples are displayed in A after normalization. Each variant has a different melting profile.](AJMB-8-193-g001){#F1}

The frequency of CYP2C19\*1/\*1(CC), CYP2C19\*1/\*17 (CT) and CYP2C19\*17/\*17 genotypes in all samples were 58.33%, 29.1% and 11.1%, respectively. In the present study, the allele frequency of CYP2C19\*17 was 0.26 ([Table 2](#T2){ref-type="table"}). [Figure 2](#F2){ref-type="fig"} shows the agarose gel electrophoresis of PCR-RFLP results. In this study, RFLP was considered as the reference test to calculate the relative specificity and relative sensitivity of HRM method. Discrepant results were genotyped by sequencing method as a gold standard for further confirmation. In HRM results in comparison with RFLP (as the reference method), there were three false positives and no false negatives results; however, specificity and sensitivity of HRM method were 90% and 100%, respectively in comparison to RFLP.

![Restricted amplified fragments by Mnl1 enzyme. MnlI enzyme can digest the PCR products in at least 12 *hr* at the temperature of 37°*C* and this enzymatic activity can be stopped by incubation for 20 *min* at a temperature of 65°*C*. Variant -3402T, or allele CYP2C19\*17 was resistant to MnlI digestion, therefore 528 *bp* fragment remained intact and it did not break, while the CYP2C19\*1 allele was broken into two pieces of 246 and 282 *bp*. The digested products were separated on 2% agarose gel and the components were visible by Syber Green. 1 indicates the 100 *bp* DNA ladder; 2 is a wild type genotype (CC); 3 is a heterozygote CT and 4 is TT genotype; 5 is a negative control.](AJMB-8-193-g002){#F2}

###### 

Allele and genotype frequency of CYP2C19\*17 determined by HRM

  **Gene**         **Genotype**   **Frequency (%)**   **Allele**      **Frequency (%)**
  ---------------- -------------- ------------------- --------------- -------------------
                                                                      
  **CYP2C19**      CC (\*1/\*1)   59                  -3402C (wild)   148 (74)
  CT (\*1/\*17)    30             -3402T (variant)    52 (26)         
  TT (\*17/\*17)   11                                                 

To calculate equilibrium of alleles in the population, Hardy-Weinberg equation and SPSS software were used. Results showed that the population did not follow the Hardy-Weinberg's equilibrium. $$\left( {\chi^{2} = 29.2171\, 2,\,\,\text{df} = 2,\,\,\text{p-value} = 0.0001} \right).$$

Discussion
==========

HRM PCR analysis of amplicons in real-time PCR provides the possibility to scan the genotypes of volunteers for CYP2C19\*17 ([Figure 1](#F1){ref-type="fig"}). In order to analyze the HRM, new primers were designed for production of shorter PCR products to distinguish the possible allele for a pair of nucleotides. Primers were tested to measure HRM analysis, and a reliable screening of volunteers with good sensitivity and without any interference between different CYP2C19 genotypes was conducted. The wild-type alleles consisted of a nucleotide C at -3402 situation so it generated a higher melting temperature amplicon (77°*C*), while the variant alleles including T nucleotide resulted in mutant with lower melting temperature (76.5°*C*). Heterozygotes included both; therefore, they had different effects. Accurate genotyping by HRM software brought different clusters with different melting temperatures and up to 0.1°*C*, the difference between the melting temperatures of amplicons and different genotypes was detected. In our study, the HRM method showed sensitivity just the same as RFLP but with slightly lower specificity in comparison with RFLP.

Frequency of CYP2C19\*17 allele was higher in Iranian population in comparison with other studies ([Table 3](#T3){ref-type="table"}) [@B28]--[@B32]. This study showed that a significant percentage of Iranian population (26%) had CYP2C19\*17 allele; therefore, they can metabolize drugs that are metabolized by CYP2C19 enzyme much faster, so the drug concentration decreases in the blood and its therapeutic efficacy diminishes.

###### 

Comparison of CYP2C19\*17 allele frequency among the population of various countries

  **Population (Country)**   **Allele Frequency (%) CYP2C19\*1**   **Allele Frequency (%) CYP2C19\*17**   **References**
  -------------------------- ------------------------------------- -------------------------------------- ----------------
  **Iran**                   72.88 %                               25.65 %                                Current study
  **China**                  69.7 %                                1.2 %                                  28
  **Japan**                  57.9 %                                1.3 %                                  29
  **Saudi Arabia**           73.1 %                                73.9 %                                 30
  **Mexico**                 77.1 %                                14.29 %                                31
  **South Korea**            \--                                   1.15 %                                 32

Overall, the genotype of CYP2C19 focusing on the SNP at position -3402 was successfully determined by both PLFR test and HRM analysis. Considering the costs, tools, runtime and simplicity of evaluation of both methods, the HRM analysis can be considered as a more cost-benefit method. Additionally, the overall execution time of analysis related to CYP2C19 genotype by HRM was much less than PLFR. It seems that the assessment of melting curve analysis by precise software to distinguish the alleles is easier than the technique that requires strict separation of fluorescent signals between wild-type and variant probes.

In some studies, HRM technique was compared with other mutation detecting and genotyping methods. Zhang *et al* compared HRM and TaqMan procedures and showed that the results, precision, sensitivity, and specificity of both methods were the same and excellent. HRM has a comparative advantage to TaqMan and it is the ability to identify the undetermined mutations. The two methods were highly matched and the costs were almost the same, but the cost of applied probes in TaqMan method was more than HRM [@B33].

HRM with no need for labeled primers or labeled probes was used for the detection of the most common nonfunctional alleles of cytochrome P-450 (CYP) 2D6 in the Caucasian population that affect the metabolism of many commonly used drugs [@B34].

HRM was used to characterize the CYP2C8 polymorphism in Taiwanese population. Nine exons of the CYP2C8 gene were screened by HRM analysis. It is a fast, reliable, accurate and cost-benefit screening method for gene mutations, even with very similar cDNA sequences with 83% identities compared to CYP2C8 and CYP2C9 [@B35].

SNPs of VKORC (1173T/C, rs9934438) and CYP2C9 (1075A/C, rs1057910) are major contributory factors in sensitivity of warfarin in Chinese population. Two genomic loci could prevent from bleeding or thrombosis events in warfarin treatment of individuals. HRM with the advantages of simliplicity, speed, high sensitivity and low cost was used as a diagnostic assay for genotyping rs9934438 and rs1057910 [@B36]. Cheng *et al* demonstrated that formation of hetero-duplex requires full recognition of hemi/homozygote of all genes and implied that HRM analysis is a fast, sensitive and selective method for screening hemi/homo-zygous [@B37].

SNPs of diagnostic markers were important for the detection and differentiation of *Bacillus anthracis* (*B. anthracis*) while Derzelle *et al* quickly detected all *B. anthracis* using HRM and shift-Tm (Melting Temperature shift) without any expensive labeled probes [@B38].

Mutations in the CDKL5 gene that is mainly seen in women with epileptic are detected by costly, time-consuming and difficult methods. However, Laure Raymond *et al* compared HRM and denatured High Performance Liquid Chromatography (dHPLC) methods for scanning this gene and indicated that HRM detected point mutations, small deletion and insertions faster and more sensitive than dHPLC. HRM is an easy, affordable, commissioning, sensitive, harmless and rapid mutation screening method to identify mutations in large heterogeneous genes on a general term like gene coding sequence of CDKL5 [@B39]. In another study, Yi-Ching Lin *et al* successfully detected eleven common mutations of gene CYP21A2 by HRM method using 6 amplicons. So, this method was selected as the best for screening CAH (congenital adrenal hyperplasia) an autosomal recessive disease [@B40],[@B41].

Vorkas PA *et al* applied the combination of Real-Time and HRM curve analysis as a successful, fast, simple and cost benefit method to detect 20 exons of BRCA gene for the clinical mutations [@B42]. Manikandan M *et al* demonstrated that HRM analysis is an effective tool with high specificity for knockout studies of miR-TS-SNP deletion mutations [@B43].

Naing *et al* investigated the Ehlers-Danlos syndrome, which is a dominant autosome disorder of vascular type developed by mutations in procollagen type 3 (Col3A1) through HRM for screening mutations after the PCR as a highly sensitive screening tool for mutations in large genes, in combination with the small loop genotyping method (SAG) of genomic DNA as a rapid diagnosis method for Col3A1 gene mutation with high specificity [@B44].

HRM was also compared with phylogenetic analysis and findings showed that it was fast and affordable. The classification of fowl adeno viruses (FAdv) was carefully carried out with high sensitivity and speed [@B45].

High sensitivity and specificity of HRM compared with the results of probe hybridization method for usual genotyping single nucleotide polymorphisms (C677T) of MTHFR gene implied that HRM is a quick and affordable method. Many methods have been introduced for genotyping MTHFR genes such as RFLP, real-time PCR with a fluorescent probe, Tagman, Mini Sequencing and mass spectrometry, but HRM have special advantages. Allelic-specific primers or probes are not required for specific targets. Only two primers are required to identify the allelic transitions. In addition to the use of short amplicons for maximum difference of melting temperature (TM) between wild-type and mutant homozygotes, better results were obtained with shorter amplicons. Comparison of the costs and time of implementation showed that HRM with the high success rate and compliance and shorter amplicons is the best method for genotyping SNPs of (C677T) RFHTM gene. HRM implementation time was about an hour that is lower than probe hybridization. But if the amount and quality of the starting DNA is low, then success rate will be less in HRM. A standard amount of DNA is required for the HRM method. HRM is also an effective technique that can be used for identification of mutations in known and unknown genes [@B46].

The excellence of HRM over SSGE (sensitive structure gel electrophoresis method) for screening the mutations of BRCA genes was evaluated. The mutation spectrum with HRM technique had a higher sensitivity compared to SSGE. Also, HRM was faster and more sensitive and specific [@B47].

Cai *et al* showed that all SNPs cannot be determined by short amplicons particularly SNPs Class 3 and 4, since a small change is observed between the two homozygous and their TM. Therefore, ASE-HRM method was used with the primer ASE (Allele Specific Extension) by adding the heat stages to primer ASE that is an easy and sensitive method for genotyping in the closed pipe, and it can check out all kinds of SNPs [@B48].

Conclusion
==========

In the near future, pharmacogenetics will play an important role in determining the dosage of drugs used for the treatment of the patients and the treatment process will be individualized and adverse effects or failures of drugs will be minimized. According to the perceived high frequency of the allele in Iranian population, further clinical studies on this allele are essential. In the Iranian population considering the larger study population as well as other drugs that are metabolized by CYP2C19, it would be beneficial to evaluate clinical aspects of allele CYP2C19\*17. Different characteristics such as GC content, length, sequence or heterozygosity due to differences in melting curve are identified by HRM technique and the results can be used to screen mutations, genotyping, methylation and other applied researches. In some methods such as screening for mutations and SNPs genotyping, the nucleotide difference leads to differences in melting curve, although in point mutations and SNP, the content of this difference is minor, and the temperature difference changes the nucleotide G/T, G/A, C/T and C/A between 0.5 and 1*°C* and C/G at 0.2 to 0.5*°C* and T/A at less than 0.2*°C*. The HRM curve analysis is sensitive and can be used to screen mutations in several parallel reactions, but depends on good PCR, instruments and dyes.
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